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The carprison ehared 'khat wind-tunnel predictions were, in 
gerteral, in good agreement w i t h  fligh%test data. !Be predicted 
m.lues were far & most part sufficientiy accurate to show the 
Ratisfactory and unsatisfactory characterietice in the preliminary 
deaign stage and to Q-dicate possible m e t h o d s  of wrovenent. m e  
dfscrepanciee w h k h  did occur were attribute& principally to 
*ysical dissbflaritiee between model and a i r p k e  and the 
ix-hility to dotrtrmfne occ-teLy the flight parer canditiona. The 
effect of Mach number was considered negligible since t he  mmtmum 
flighbtest value was about 0.5. In order to simulate more closely 
the fught conditioim a d  hence obtafn more accurate d~tta f o r  
preCSctionG, it appears desirable t o  perform largsecale t e s t s  of 
unorthodox control surfaces auch as t h e  aealed vansd elevators w i t h  
which the ahplane was equfppd. 
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As part of t h i s  correlation program, fl i&t-teet  d a t a  on the 
longitudinal-stability and -control characterhtics of a Douglas 
B?I)-l airplane are cnIspared in this report  w i t h  the results of 
tests at lm Mach number of a powered 3 f l h c a l e  m o d e l  in the Ames 
7- by 10-foot wind tunnel. Tbe results are confined to the follow- 
ing important cha.ra.cteristice which are most suitable for prediction 
and correlation: static longitudinal 8 h b i l i t y ,  elevator control 
in maneuvering flight, and elevator control in landing. 

The wlnd-tumel data were converted into the usual fli&+-test 
units of airspeed, normal acceleration, and elevator angle and 
control  force, and compared. with the flight-test rosulte. In order 
to analyze t he  data in more fundamsnta,l form, basic aerodynamic 
derivatives were eetimated from flighb-test reeults and campared 
with the wind-tunnel derivativea. 

The BTD-1 airplane is a torpedo dive bamber Intended f o r  w e  
aboard aircmft carriers. It is a singl+engh~e, single-place, 
midwing monoplane equipped with a retractable tricycle Landing gear 
and canbination fuselage etnd Wing dive brakes. General charectep 
istics of the airplane, wing,  and horizontal-tail-plans dimemione, 
and dimensions of the flap, elevator, and elevator tab a r e  l i s t e d  
in tables I, II and m, respectively. Figure 1 shows the airplane 
as instrumented for flight tests and figure 2 is a three-view drawlng. Figure 3 givea details of the horizmtaLtail surfaces. 

No correlaticm was attempted with the dive  brakes open due to 
la,rge differencea between the airplane and model dive brakes. In 
order to sfmulette the model, t h e  wing dive brakes on the d r p l a n e  
were removed, the openings f a k e d  mer, and the wing-fold gaps 
sealed. The f’ueelage dAve brake8 were locked in t he  cloeed 
position. Figure 4 gives the force chamcteristics of the spring- 
loaded elemtor eyetem as measured on the ground dming slow 
movement of t h e  control column. The elevator on the a m l a n e  wo8 
cmeoted with the flag  syetem in euch a manner that larger up- 
elevator deflections were obtained when the flass were dam. m e  
kinematics of thia syetem &re preeented in figure 5. 

Ti:? 2/l&cale powered model of t h e  Douglas BTD-1 airplane as 
tested In the Ames 7- by LO-f oot xind tunnel ie shown in f ig”s 6. 
Power m s  supplied by an electric motor which drove a 3/l&cale 

e 
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Sour-blade propeller. A propeller spinner was wed i n  all +&e model 
testa, The model elevator xas equipped w i t h  a nose s e a l  and a fixed 
vane (fig. 3). No elevator tzba were installed. A detailed view of 
the model w5ng flags is presented i n  figure 7. The cut-out spaces 
f o r  the w i n g  flaps varied 8lfghtl.y from those of the airplune. 

H fres 5trez.m to ta l  presaure Fn inches of mercury 
P free stream s t a t i c  peesure in  fnchee of mrcw 

The coefficient8 and symbols used in t h i s  report  are defined 
as fo l lme:  

G.2 p i t c h h g a m n t   c o e f f i c i e n t  about the center of' gravity 
(M/qS 1-i.A.G. 

p i t c h i n g a m n t   c o a S f i c i e n t  about the center of gravity 
at  zero  lift coofficient 
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M.A.C. mean aerodynnmic chord of the trfng, feet  

% elevator ar0a aft of the pllnge line, . . -. equqre " - . . . f e a t  - 
C e  elevator rootcmearr-square chord aft of t he  hfnge line, feet 

D propeller diameter, feet  

L lift, pounde 

W a i r p l a e  weight, pounds 

M pitching mament about the center of p v l t y ,  foot-pounda 

H elevator hingo mment, fooGpounda 

T net thrust of the popel ler ,  pounds 

a s.cxLoration of gravity (32.2 ft/sec2) 

.. " 
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AZ the ratio of t he  net aerodynamfc force along  the a5rplan.e 
Z a x i e  (positive when directed upward) to the weight 
of the airplane 

9 

P 

V 

vi 

tzu0 abspeed, feet per aecand 

correct indicated airspeed, mflee per hour 

As mentioned in the introduction, this report ibt ib  wfth 8tatI- 
longitudinal ekbili-ty, elevator control in turning fUght, and. 
elevator control in landing. m e  following ie a brief description QT 
the testa and methods of conqutation. 

Condition 

“---- 

Flaps i Gear 

Closed Throttled 

Closed 28 

I I 
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Sta t i c  lorwitudfml-stabilits characteristics.- The vaxi% 
tione of elevator angle and elemtor   control   force (tab constant) 
w i t h  airspeed were obtained from short records taken in steady, 
straight, wings-leuel fll&t at various airspeeds f o r  the four 
flight conditions and two centerc-af-gravity  locations  described 
previously. Ln addition, the variation of elevator control  force 
w i t h  tab deflection was measured at  several  conatant afrspeeda in 
each  condition. The slopes of the l a t t e r  curves of the variat ion 
of elevator control  force w i t h  tab deflection were used. over the 
linear range t o  determine  the f l igh t   var ia t ion  of tab effectiveness 
Ch8+, with l i f t  coefficient.  

%e stick-flxed and stick-free  neutral-point pos i~ ions  were 
derived from c w e a  of elevator angle end tab angle for trim (crose- 
plot ted f r ~ m  t h e  stick-force ta-e curve8 at zero force) EB a 
function of l i f t  coefficient. The slopes a e / b C L  and dRo/bCL 
were plotted as a function of centelrsf-gravity  location. 
The locat ions  for  a e / d C L  = o (G, = 0) and a8t /dcL = o 
(% = o and ch = 0) were -taken ae tbe stick-f 1 x 8 ~  and e tfck-free 
neutral-point locations, respectively. 

E l e v a t o r  control in turniw flight.- The variation of elemtor 
angle and st ick  force w i t h  normal acceleration factor m a  meawed 
I n  turning f l i g h t  i4 the pare-= clean  condition. The airplane wa8 
first  trimmed t o  zero s t i ck  force at each t e s t  apeed i n  a xinga- 
level steady-flight condition, Short recorda were taken (airspeed 
constant) at various  acceleration  factora ( ~ 2 ) .  Due to 
s t ructural   l imitat ions the maximum test in  acceleration l h i t e d  
t o  about 38. 

Elevator  control fn landing.- Landings wero =de at varioue 
touchdomi airspeeds over a safe and feasible range. The t e s t e  were 
performed i n  the landing configuration  (i.e., flaps dawn, gear 
down, and engine thro t t led)  a t  both cent-f-gradty  poeitiom. 
The e1evato"kb  sett i% m a  approxinaatelf the- same as that used by 
t h e   p i l o t   i n  the flights t o  determine t h e  static stabllitY In the 
landing  configuratim, 

Wind-Tunnel Te~its 

The wind-tunnel te8te were made a t  dynamic pressures of 10 t o  
50 poqnda per square foot ,  corresponding t o  &del Reynolds numbers 
of 1.0 >: le to 2.3 :: le A s  a canpromise  between hi+ and low- 
speed parer-on flight c m d i t i m ,  the propellel+-blade angle wae set 
st 1g0 at  the 0.75 mdiue stat ion.  

Basic data.- The data were first  plotted as curve8 of lift 
coefficient CL, pitching-mcment coeff ic ient  C an& elevator 
hlnge+nomen.t; coefficient Ch, as functions of &st coeff ic ient  
T, f o r  various constant angles of at tack and elevator deflection. 

" 

T - - -  

I 
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Model 
E l e a t o r  

( b g )  

5 to -35 
5 to -15 

0 
0 

3 to -30 
5 t o  -30 
5 to -15 
3 to "-10 

a 
0 

0 t o  -35 

TBruet 
coefficient 

"- I 

O to I 0 to . .75 "- t -" I 
0 

0 to .25 
o to .85 
0 to -85 

0 to .25 
"- 
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f o r  a gross weight of 18,wo pounda and for the c e n t e d g r a v i t y  
positione used. in flight and noted on t h e  figuree. The kinematics 
of the co~trol syatm (fig. 5) and t he  effect of a bungee (fig. 4) 
wed in t h e  computations were the values measured on the airplane. 

Static-Longitudinal-StabiIf ty Chaxac  teristica 

The variations of elevator deflection and elevator control 
force with indicated  airspeed f o r  all configmatiom a r e  presented 
in figures 8 to 11, inclusive, Figure 12 s h m  the variation  of 
elevator  angle with lift coefficient in the landing configuration. 

Glide cond3tion.- Figure 8 shows positive  stick-fixed  and 
stick-free  stability mer the s p e d  mnge at both center-of-gravity 
positions. The quantitative  agreement  between  flight  and  wind- 
tunnel data fa good. 

%e stick-fixed  stability  (fig. 13 (a) ) as measured by t h e  
slopes  of  d6,/dVi (or a,/%) and  neutral-point  location a r e  
approx3mately t h e  sane. Analpis indicated that t h e  differences in 
dSe/dVi for t h e  forcrard center"of-vity  location - more stable 
for flight at low speeds and f o r  the wind tunnel  at  high speed8 - 
are due primarily  to the More  negative  wbd-tunnel values of (3% 
and +. 

When elevator angle was plotted a8 a function  of 1FTt coeffi- 
cient, greater daurr-elevator angles were  obtained  at CL = 0 f o r  
the  model than for fhe Sirpkne, an indication of a mre poEIitive 
% f o r  the  model, This accomta in part f o r  the absoluto shift 
in the elevator-angle  curves of ftgures 8 to II. The % 
difference was also indicated.in the other conf'iguratiom, although 
1 ts  efPect on t he  6, - Vi curves is sometimes obscured by 
differences in C m c ~  and . ,This difference in C& indicate8 

than t h e  model. 
that  %he  airplane may have a more positive stabflizer setting 

There is good agreement  in the stick-Porce  characteristics at 
the rear center-of-gravity  location and fair agreement  at the 
forwnrd loca t im,  the flight curves  having  greater  slopes In each 
c a m .  The etick-free neutral-point location caqmted fram the flight 
data fs about 6 percent  forward  of the prea-icted value. (See fie. 
13 (a> ,) Although the fllght teets indicate a m o r e  negative a 

(i.e., less stable) value of C l q  than the UindGtUnnel teste, the 
forcs-curve B ~ O ~ S  in figure 8 are grestar-  for  flight, due primarily 
to more  negative  flight values of chg. Some of the disagreement, 
especially w i t h  canter of gravlty forward, mag be attributed to the 
different dSO/d.i slopes. ~e shown in  figure 6, better agrement 
wae  obtained  when  the  flight elevator angles were used in the 
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wfnd-tw-el caqnktiana. Flight  measurements show a large decrease 
in tab effectiveness wit3 Faxmasing l f f t  coefficient  (fig. 14). 
This tenda  to make the flight data more shble ,  eepecially at law 
speeds 

Pmerr>n clean  condithn.- In figure 9 tbe wind--tuImel  pre- 
dictions and flighktest rseults ehm poaitive  stick-fixed and 
stick-free &ability over the speed ra,nge. Except  for the greater 
flight  stfck  force8 at the f o m d  cente-fvvitg position, t he  
agreement between flight and wind-"el data l a  good. ?he slope of 
elevator m e  with velocity (fu. 9) and the  neutral-point  location 
(fig. 13 (a) ) and hence wL ssd % os8 approximtely the 8 8 m ~  
f o r  the  flight and nind-tmel data. There is good agreement in the 
stick-force characteristics at the rear centeMfmvity position 
and  fair agreement in the forward position, with the flight  curve6 
being more stable in each case. Tbe stick-free mutral poict for 
the wind tunnel was wi-thin about 2 percent M.A.C . of that measured 
in flight at law speeds. Analyet8 Fndicated the possibility of 
control-surface  diatortion in flight at speeds greater than 200 
miles per hour, euch that and C u  became more positive  with 
increasing speed, m e  c h 3  effect  predcmtnated and increaaea 
stable flight forces a t  hl@ apeads cauahg a rapid rearward neutral- 
point  movement,  indicated in figure 13 (a). 

landing condition.-  Figure 10 shows that in both the wind,- 
+-;unnel predictions and flight-test  results,  positive  stick-ffxd 
.zrd acceptable stick-free stability are present over t h e  speed 
w e  . . .. . .  

The elopes of the elevator-angle c m e s  are greater for flight 
than for t he  predicted vaLues, especially at the forward cente-f- 
gravity location.  Analyeie showed these differences were due 
primarily to a greater Wind"tunne1 elevator  effectiveness (mom 
negative .%). A plot of elemtor w e  as a function of lift 
coefficient  (fig. 12) indicate8 that the flight elemtor effective- 
ness was verg low at high lfft  coefflcients and at the  forward 
center-of-gravitg location. It appeared that the elevatol. lost 
considerable effectiveness in flight at large deflections (greater 
than approximctelg 90 up). 3i.1 establishing the stick-fixed 
neutml-goint  location,  allarance was made f o r  this 1088 Sn effe+ 
tiveness. Figure 13(b) shows that the  stick-fixed  location m s  
reexward of 0.40 M.A.C., an& that flight Md wind-tunnel data are 
in good agreement. 

The e len tor  control  forces are Fn good agreement at the rem 
center-af-gravitg  location. and .?air agreement a t  the forward location, 
with t he  .curve8 obtained in flight being slightly mDre stable in ea91 
cam. Figure 13(b) Rhaws that t h e  predicted  stick-free  neutral--point 
is about 0.06 M.A.C. aft of the flight location. FurL&er clnrtlysis 
indicated that although chq, computed from flieht d a t a  m s  more 
negative (lese atable)  than predicted by the wind-tunnd, the more 



stable atick-force slopes cis measured i n  f l i g h t  a r e  due for the molst 
part t o  +,he mre negstive flfght values of 

%Lo 
Aorrocch cmdition.- In  figure ll both the wind-tunnel 

predictiom sild %ha f l i&&tes t - resu l t s   lnd lca te   poe i t ive  stick- 
fixst s t a b i l i t y  over tho speed range, cxcopt a t  t h o  r-r centeytofl- 
gravit:- location whare the elevator control Torces are tmatable a t  
a p e e b  below 105 miles per hour. 

The  tick-fixed s k b i l i t y  a8 shown by the elevatmxmgle slopee 
at both c e n t e r - o f s v i t y  poeftiona and the neutral-point locationa 
(fig. 13 (b) ) i e   i n  good W e a e n t  throughout. m e  rapid foi-wctrd 
movement of neutral-point locution with increaaed lift coefficient 
indicates a s i z e i b l o  destabil izing effect due t o  power. 

The s t i c k  foroes ae determined by the wind tunnel m e  upprod- 
mately the Hame 83 thoae memured in flight, while the predicted 
neutral-point  location i a  'about O.E M.A.C. aft of the flight-test 
location -an indication of a more positive flight . me 
slight difference of the stick-force  curves at low speeds fw the 
forward center-S-gmvity location ia due for the most part to the 
more stable flight e l e v a t o m l e  variation. 

Excessive  control-force W e n t s  (@?eater -than 12 or  15 lb/g) 
are a h m  i n  figures 15 md 16 for both flight and wind-tunnel t e s t s  
a t  the forwe3.d cente-f-gravity  location, and for the rear locatlun 
at the hfgh speeds. An exma5nation of the wind-tunnel roaults would 
lead t o  the conclusion that the elevator control-force gradient 
would be excessive at  c e n t e s - o f ' v v i t y  Iocrctions f o m r d  of about 
0.31 M.A.C. The flight r e su l t s  lead t o  tho same conclusion for 
the lower speeds; hmever, the grr?dients a r e  considmably greater 
than predicted a t  higher speeds. They arci eligh+;lgr less than 
predicted at the rem center of grnvity at lmer epeeds, As would 
be expected from the good agrement in  stick-fixed static longitudina3. 
s t ab i l i t y   chamcte r i s t i ce  there ia no large or  c m i e t e n t  difference 
between t h e  flfgkt and wind-tunnel e l e m t o m s  g~zdie~ts. 

Compared with .the wind-tunnel results for 145 end 210 milos 
per hour, the larger Plight  variation of control-force  gradient 
with  center-of-gravity location and the more foruard flight 
mnneuvering-goint location  (fig.  16} indicate more negative fliat 
values of Chg and ChpL,respectively. Thfs conclusion agrees 
with the discussion given prevlausly for the g l i b  and p0wer-o- 
clean statio"stQbi1ity data. A t  the hlghoet test speed of 272 
miles per hour, the flight d a t i o n  of stick-forco  gmdiont wi th  
csntorc-ofqavl ty  location is  lass than at lm speeds and 38 In 
better c,greement w i t h  the predicted value, while the flight 
maneuverix point I s  roarward of the predicted location. This 
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Elevator Control in Lanaings 

F9gure 17 ahms the w i n d - t w m e l  and flight.”teat &%& of 
elevator angle and elemtor  control force requfrd in landings. For 
satisfactory control at the forward centwf-gravi ty  location the 
elevator should be capable of‘ holdlng +Ae airplane off the ground. 
at 1.05 Va. It f a  eetimated that t h f ~  would correspond to e.ppmxA- 
mately 94 miles per hour, but dw to the objectionable etaLlLng 
characteristics of the B-1 airplane no a.t;tmptwas d e  to  las& 
a t  less than 95 &lea per hour, The wind-tunnel predictions Fndicate 
that at centeMf+pavity lwationa forward of 0.27 M.A.C. elevator 
control would be marginal at q e e b  below 9 miles per hour. Under 
the sane 1- conditions the flight data  fndfcate that the amount 
of elevator avaihlle is insufficient. 

In attempting to correlate flight-test data of the IEKL. 
alrpLane xith d a t a  obtawed i x i  Ames 7- by lO-fmt wind-tumel 
T1LumBroua difficultiee were encountered. Due t o  the s ~ l l a l l  scale of‘ 
the model, 80ms physical dffferences m y  be noted, euch as the lack 
of elevator t r i i m  tabs and changes in the w i n g  flap cut-outs. Also, 
distortion of the snrall vane on the lmer surfctoe of the d e l  
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elevator may be a reason f o r a  discrspancy in the  comgaxison of the 
elevator deriva-bivos. Thia small vane mar also be subject to Luge 
Reynolds number effects. It r n g  delerm3aed from unpublished full.- 
scale  wind-tunnel dcta on file at the Laboratory tht, due to 
le-ge, the  elevator seal wed Fn flight m e  less e;-"factive than 
that t es ted  in t he  7- by LCLfoot wind tunnel. Thia reeulted in lese 
negative Cm and more negative C- values for flight. The 
airplane elevator  fakric was excemively loose in cmpariaon with 
other airplanes, and comfberalile fabric di-stortion was- Fndicated at 
epeeb  above 200 miles per hour. Throughout all cronfiguratione a 
congarison of t h e  e l e m t o w e  curves determined frm flight and 
wind-tunnel mea&enienti &m?im- &%solute displacement of about 20 
which  could be ascribed to the dlfference in elevatar 
indicated that this could result from a more pogitive f l l  %t 
atabilfzer sett ingof about O.3O. A d a l t h n a l  poesible errors due 
to control  friction, the allmnce for sprlng load in t h e  elevator 
system, m d  changee in elevator-tab  effectiveness made elevator- 
force cmreUtian especially difficd%, ~Ltbough a n - & f o r t  waa 
m?.o to maintain def ln i ts  parer relettfone, acme of t h e  discrepancy 
noted in the h a n g  and glide  conditions may be caused by 
differences in t h e  airplane and m d e l  T, - % relationship. 

Far all conditions the  correlation Tor stick-fixed stability 
as measured by dSe/dVi is. fairly good, with the  largest 
discrepancy being -noted in t he  m~ng condition at the forward 
centelrsf-ravitg location. Thia diacrepncy is evidently caued 
by a l a r g e  decrease of the  elevator  effectivenese Sn flight at 
large updeflections. In wind-tunnel computatiom zero "thrust 
coefficient was used  for the pawer-off conditiom; whereas in 
flight t he  propeller might have been operating at negative values. 

The differenceB in the correhtion of stick-free s t a b i l i t y  a8 
measured by dFe/dVI m e  the result of a number of vaxying factors. 
Small chan43ea in C q ,  (2% , mg, a n d '  e l e m t o s t a b  effectiveness 
give in same configwatioasl2arge  differences -in t h e  c a p r i a o n  of 
the stick-force slop3e. The dtfferenca in t h o  landing and glide 
conditions  at the fommd ceate-f-vity location l a  due in 
part to the negligible change in tab effectiveness  (computed f o r  
Tc = -  0) , w i t h  CL rbd a less &@-Live %, obtained from the 
wind-tunnel data. Again this  change in chg may be caused by 
sealleakqp, distortion e f f o c t a  and the propeller operating at 
a negative T, value in flight. 

CONCUJSIONS 
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1. m e  correlation of the wid-tmnel predictiona with the 
longitudiml"etabil1ty and -control characteristics obtained in 
flight ie qualitatively good. The wind"tunne1 predictions indicated 
the same aatisfactory or rmaatisfsr,tory cbracteristfca that were 
obtained in Z l i g h t  f o r  the cri tfcal  canditfona. 

2. The wind-tunnel data are of suflicient acc-y to Indicate 
%he chief reasom f o r  the unstable characteristics, and possible 
methods of  improvemsnt. However, them were s fzmble  qmntitative 
dffferences in the flight asd w i n d - t m l  elevator a e r w c  
derivatives, due in large prrrt to shysical dfesimilmitiea between 
the model and airplare (especially t he  control syatem), imperfect 
matching of pmer conditione, and flight control"8urPace distortion. 

3. lkrge"ecale wind-tunnel teats of the ta.i.1 surfaces fnwhich 
fllght conditfons are more closely duplicated w o u l d  no doubt yield 
aerodynmn5.c data which would pemi t  better quantitative prsdiptions 
of flight  cbaracterietics, espscldly f o r  dn unorthodox control 
surTacs such os the sealed elevator with E. noae vane QG FnateUed 
on t h e  BTD-1 atrplane. 

Ames Aeromutical Lc;bortztory, 
National Advieorg  C a m i t t e e  f o r  Aeromutics, 

Moffett Field, Galif. 

Aeronautical Engineer. 

t 

Donald E. Wood, 
Aeronautical Ehgineer. 
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Manufacturer . . . . . . . . . . . . . . .  Doughs kircraft Co. 

Tspe . . . . . . . . . . . . . . . . . . . . . . .  RavyBTD-1 

Navy number . . . . . . . . . . . . . . . . . . . . . . . .  04968 

N o m 1  gross w e i g h t  . . . . . . . . . . . . . . . . .  17,970 lb 

CenteuL-crf-gmvity locations 

Most forward a m b l e ,  gea3daWn rn . 0.21. M.A.C. 

Most reaxward al lmBle,  g-p . . . . . . . .  0.29 M.A.C. 

&ximum load factor8 

17,000-pOUnd Weight . I a rn 5.49 

18,00o.-p01md gross weight . . . . . . . . . . . . . .  3-56 

E?agines 

W e  and type . . . . . . .  Wright ~ u g l e x  Cyclone ~ 3 3 P l - 4 ,  

l k y l i n d e r  double+rwy one-speed 

supercharger, ai-ooled 

Propeller g a r  r a t i o  . . . . . . . . . . . . . . . . . . .  0.5625 

Maldrmun spee& U t  . . . . . . . . . . . . . . . . .  zaoo rpm 

Suporcharger gear rattoe . . . . . . . . . .  6.08 = 1, 8.52 = 1 

Propeller 

1IIake and tgpe . . . . .  Curties Electric, constmMpeea 'blade 

nwtber ~836-1~44 

Rumber of blades . . . . . . . . . . . . . . . . . . . .  f OUT 

Diameter ....................... I2.67 ft 
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I t e m  

Area 

S p a  

Aspect ratio 

Taper ratio 

Dihedral of leading eage 

Incidence at root 

Root section 

Joint section 

Tip eection 

M.A.C. 8.56 ft 

lo 

IYACA 0012-64 

"" 

4.56 fk 
t 

J 



L 
Area 
(Aft o f  

hinge line 
both B i d e s )  

s w  
(one side) 

"an1 

M.A.C. 

Elevator 

nRps up 9.450 d o n  
20.950 UP 

?lap8 down 4.20 down 
32.2O up 

1.38 ft 

!rip 15.2 fn. 
Root 30.1 in. 

E l e m t o r  tab 

4.01 ft 

"" 

Flaps 

47.28 aq ft 

35. oo 

"" 

"" 
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Figure 1.- Concluded.  Douglas BTD-1 airplane. (c)  Rear view of 
horizontal 8bbi l lZer ,  showing elevator slat. 

Figure 2.- Three-view drawing Doughs BTD-1 airp-. 

Figure 3 .- Detail of horizontal tail on the DougLas BTD-I airplane. 

Figure 4.- Veurhtion of elevator control force w i t h  elevator angle 
&e msasured on the ground xith no 1-d on the control smface 8 .  

Douglae BTD-1 airplane. 

Figure 5.- Variat ion of elevator angle with stick position. 
Calibrated OIL the ground with no load on the control surfaces. 
9 ~ u g l a a  B D - 1  airplane. - 

Figure 6.- The 3/1&scale model of  the Douglas BTD-1 airplane as 
tested i n  the 7- by lO-foot wind tunnel. ( a )  Three”qwbr 
m a r  view wfth the flaps and gear extended. 

Figure 6.- Concluded. Douglas BTII-1 airplane. . (b) Front view wlth 
Khe f l a p s  and ear extended, i n  the presence of a ground board. 

Figure 7.- Detailed view of extended flaps on the 3/1&cals model 
of the Douglas BTD-1 airplane. 

Figure 8.- Variation of elevator control force and elevator angle 
with  correct indicated airspeed.  Glide  condition, D o u g h s  
BTD-1 airplane. 

Figure 9.- Variation of elevator control  force and elevator angle 
with correct indicated airapeed. Pawer-on clean condition, 
Doughs B m l  airplane. 

Figure 10.- Variation of elevator control force and elevator angle 
with  correct indicated airspeed. Landing conditfon, D o u g h s  
B-1 airplane. 

Figura ll.- Variation of elevator control force and. elevator angle 
with correct indicated airspeed. Approach conditian, Douglae 
BTD-1 airplane. 

Figure 12 .- Vaziatian of elevator angle xit.h lift coefficient. 
Landing condition, Dou&e 3TIM airplane. 
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Figure 13.- Variation of neutral point ~ 5 t h  correct indicetted 
airqeed. Douglas BTD-1 airplane. (a) Flap and gear up. 

Figure 13.- Concluded. Pouglas BTD-1 airplane. (b) Flap and gear 
down. 

Figure 14.- Variation of tab effectiveneee w i t h  lift coefficient. 
Douglas BTD-1 airplane. 

Figure 15.- Variation of elevator control  force and elevator 
with normal. acceleration in steady turns. Power"on clean, 
Douglas BTD-1 airplane. 

Figure 15.- Continued. Douglae BfEID-1 airplane. 

Figure 15.- Concluded. Douglas BTD-1 airplane. 

Figure 16.- Variation of elevator control-force  gradient  with 
center-of-gravity positicm. fowerc-on clean condition, Darglae 
B-1 airplane. 

Figure 17.- Variation of elevator angle and control force with 
contact  airspsed in landings. Doughs Bpi-1 airplane. 

. 



(a) Three-quarter front view, flaps retracted. 
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(c) Rem vlaw of horizontal stabilizer, sharing elevator slat. 
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(b) Front v iew with the flap8 asd gear extended, in 
the presence of a ground board. 

Figme 6.- Concluded. Douglas B-1 airplane. 
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. 

Figure 7.- Detailed view of extended f laps  on the 3/l&cale 
model of the Douglas BTD-1 airplane. 
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